The heterogeneity of the S-carboxymethyl derivatives of high-sulphur proteins from Merino wool has been explored by means of moving boundary electrophoresis, ultracentrifugation, chromatography on DEAE-cellulose, and fractionation by use of solubility differences. Fractions isolated by chromatography and fractional precipitation have been analysed for their content of sulphur and amino acids. There are at least eight proteins present, which contain in common relatively large numbers of S-carboxymethyl cysteine, proline, serine, and threonine residues and small numbers of lysine, histidine, and aspartic acid residues. Apart from these similarities they show big differences in their overall amino acid content. The content of S-carboxymethyl cysteine nitrogen in the various components ranges from about 10·4 to 17·8% of total nitrogen and there is a linear relation between the content of this amino acid residue and the electrophoretic mobility at pH 4·5 of each protein component. There is also an increase in sedimentation coefficient with increasing sulphur content over the series.
I. INTRODUCTION
It is generally considered that wool and other ",-keratins consist mainly of a mixture of two types of protein, one which is low in its content of snlphur and the other which is rich in snlphur, and these proteins have been identified with the two histological components, microfibrils and matrix respectively. Recent studies have shown that the low-snlphur proteins, although not resolvable into separate components by electrophoresis or ultracentrifugation are, in fact, heterogeneous as demonstrated by chromatographic and fractionation procedures Thompson 1961, 1962; Gillespie 1962b) . The heterogeneity of the high-snlphur proteins is more obvious since a number of components can be separated by solubility, electrophoretic, and chromatographic methods in both the S-carboxymethyl kerateine high-snlphur protein (SCMKB) (Gillespie 1958 (Gillespie , 1959 (Gillespie , 1960a (Gillespie , 1962a and in y-keratose (Alexander and Hudson 1954; Alexander and Smith 1956; Robson 1960; O'Donnell and Thompson 1961) .
The purposes of the present work were threefold: to determine the most satisfactory alkylated derivative of the high-snlphur kerateines, as judged by high solu-bility over a wide pH range and good physicochemical resolution; to measure the extent of heterogeneity of these proteins; and to devise suitable fractionation methods for their separation.
II. MATERIALS AND METHODS

(a) Preparation of Wool
The wool (sample No. MW127) used was solvent-scoured top from Merino 64's grown on the Wintoc property in Victoria. Before use it was thoroughly washed with petroleum ether, ethanol, water, and then air-dried.
(b) P"eparation of S-Carboxymethyl Kerateines
Usually the high-sulphur proteins were extracted preferentially by treating wool (50 g) for 18 hr at 0°0 with 1·51. of 0 ·8M potassium thioglycollate containing Q·IM ammonia at pH 10·3. The solution ofkerateines was filtered from the residue, precipitated by the rapid addition of 50 ml of glacial acetic acid, and the curd of insoluble protein allowed to settle for several hours under an atmosphere of nitrogen. The supernatant was decanted as completely as possible. The precipitated protein was then dissolved in II. of 0 ·IM potassium thioglycollate at pH 9·5 and alkylated with 40 g of iodoacetic acid (adjusted to pH 8 with NaOH), and the pH maintained between 8 and 9 until all sulphydryl groups had reacted (see Gillespie 1962a Gillespie , 1962c . Alternatively the solution ofkerateines was alkylated with other reagents as described in Section U(d).
The S-carboxymethyl kerateines were precipitated at pH 2 ·9, the precipitate collected by illtration, dissolved in 200 ml of 1% sodium bicarbonate solution, and dialysed. Small amounts of non-high-sulphur protein were then precipitated by the addition of sodium acetate-acetic acid buffer to give an ionic strength of 0 ·4 at pH 4·1. The protein in the supernatant was then precipitated at pH 2·9, the precipitate dissolved in 100 ml 1 % sodium bicarbonate solution, dialysed, and freeze-dried. This type of preparation will be referred to as S-carboxymethyl kerateine B, abbreviated to SCMKB.*
(c) Preparation of the Minor Components Free from SCllfKBl
The starting material for the batch stepwise elutions from DEAE-cellulose (Section III(e)) and fo1' the salting-out experiments from phosphoric acid (Section III(f)(i)) was a preparation of high-sulphur protein free from SCMKBI and proteins of similar solubility. This was prepared, immediately after all<ylation, by the ammonium sulphate fractionation already described (Gillespie 1962c (Gillespie , 1963 .
(d) Preparation of Alkylated Derivatives with ReU{Jents other than Iodoacetic Acid
These derivatives were usnally prepared by using the methods described in Section U(b) up to the alkylation stage and then replacing iodoacetate by the required * For the nomenclature of wool proteins see Gillespie (1960b) . The letter B used in the protein names indicates that the percentage of sulphur in the fraction is higher than in the parent wool.
alkylating agent. Because of the limited solubility of some of the derivatives at lower pH values, the pH during the reaction was usually kept between 10 and 11, and after the reaction was completed, the solutions or suspensions were dialysed.
These derivatives have also been made by solubilizing wool by the Swan (1957) method, isolating the high·sulphur S-sulpho-kerateine in the supernatant after precipitation with zinc acetate (Gillespie 1957) , converting it to the S-carboxymethyl kerateine by reaction with sodium thioglycollate, and then alkylating this in the usual way.
(e) Ohromatography
The proteins were chromatographed on DEAE-cellulose or carboxymethyl (OM)-cellulose as described previously (Gillespie 1959) . The celluloses were equilibrated with the following 0·02 iouic strength buffers: formic acid-sodium formate -2M urea at pH 3·5, acetic acid-sodium acetate between pH 4 and 6, imidazole-HOI between pH 6·5 and 7·5, Tris-HOI between pH 8 and 9, and glycine-NaOH between pH 9·5 and 10·25. Protein was applied to the column in dilute solution and eluted with a linear gradient of NaOI in the eqUilibration buffer.
The concentration of protein in the effluent was estimated by measuring the ultraviolet light absorption at 275 mp. continuously with a flow-type absorptiometer (made by Gilson Medical Electrouics) equipped with a Thin Film Products interference filter and by measurements on selected fractions of the effluent in a Beckman DU spectrophotometer. Because of the small sample size (0 ·15 ml cell volume) the continuous~How method gave better resolution.
(f) Solubility Ourves
A solution (100 ml) of high-sulphur kerateine (see Section II(b)) was dialysed against 3 1. of o· 05M potassium thioglycollate at pH 10, in order to reduce the concentration of thioglycollate. 4-ml aliquots of this solution were dialysed against a series of buffers containing 0 ·05M thioglycollic acid, 0 ·IM Tris, and 0 ·IM KOI, adjusted to values within the range pH 7-9·2 by the addition of either HCl or KOH. Mter continuous rocking for 18 hr at 1 '0 the precipitated protein was centrifuged down and the solubility of the protein determined from a measurement of the difference in refractive index between the buffer and the supernatant. For this measure~ ment a Brice-Phoeuix differential refractometer was used. Solubilities on other proteins were measured as previously described (Gillespie 1960a) .
(g) Electrophoresis
Electrophoretic measurements were made in a Tiselius electrophoresis apparatus (made by LKB Produktor Stockholm) as previously described (Gillespie 1962a) .
Usually a 1 % solution of the protein was dialysed against a buffer of iouic strength 0·1 for at least 18 hr on a rocker. Mobilities were determined from rate of movement of the descending boundary. Because of better resolution many more peaks were visible in ascending than in descending boundaries. But because mobilities couid ouly be calculated accurately for the leading component in the descending boundary, the positive identification of minor components was extremely difficult. In Figures 9 , 11, and 13, the main peak of each electrophoretic pattern has been aligned on its correct mobility, calculated from measurements on the descending boundary during the same run. The other components in each pattern are only approximately aligned.
(h) Ultracentrifugation
Sedimentation velocity measurements were carried out with a Spineo model E ultracentrifuge as previously described (Gillespie 1962b) . 
III. RESULTS
(a) Solubility Propertie.s of the High-sulphur Kerateines and Various Alkylated Derivatives
The high-sulphur kerateines were appreciably soluble in salt solutions only at pH values more alkaline than 8'5, the solubility at pH 8·5 being about 0'5% (Fig. I) . The approximate solubility ranges of the various alkylated derivatives together with the alkylating agent used are given in Table 1 . It can be seen that alkylated derivatives with ionizable groups on the cysteinyl side-chains were soluble over a wide pH range. The a-carboxymethyl kerateines (SCMKB) had a sharp solubility minimum near pH 2·9 (Gillespie 1960b ) but were soluble on either side of this pH. The a-aminoethyl kerateines (SAEKB) showed only a slight decrease in solubility between pH 9 and 10, being otherwise soluble over the entire pH range. But none of the derivatives prepared with unionizable groups on the cysteinyl side-chains were soluble in water except at pH values above pH 9, although some were soluble in disaggregating solvents such as 66% acetic acid solution. The a-(2,3-dihydroxypropyl)-kerateine was insoluble in formic acid, acetic acid, 12M urea at 50°0, and in mixed solutions of ethanol and propanol with water. In the moist solid state these uncharged derivatives were brown sticky materials somewhat like chewing-gum. Minimum at pH 2· 9
Entire pH range
The solubility and excellent resolution by moving boundary electrophoresis and by chromatography on substituted celluloses make both SAElDl and SCMKB snitable proteins for study. However, because the alkylation reaction with /3-bromoethylamine is slow at room temperature even at pH 10, taking several hours to complete, it is difficult to prevent reoxidation and unwanted side-reactions. The acarboxymethyl derivatives provide the most useful form of the high-sulphur proteins for fractionation and study. However, for special purposes, such as sequence studies, where the ability of trypsin to hydrolyse at the a-aminoethyl cysteine residues would be useful, the SAEKB may be a desirable derivative (Lindley 1956 ). -Moving boundary electrophoresis of the -SH proteiu showed three main peaks with a spike on the fastest one (Fig. 2) . Neither the SCMKB or S-carbamidomethyl kerateiues were as well resolved at this pH as the -SH proteiu. Other alkylated kerateiues in which no new charged groups were iutroduced iuto the protein gave similar patterns to the S-carbamidomethyl kerateiue. SAEKB gave a good resolution at this pH although the interpretation of the pattern was difficult because ~DESCENOING ASCEND1NG~
(a) (h) both positively and negatively charged components were present. In the electrophoretic pattern of this proteiu the startiug poiut and charge of the electrodes is indicated. In electrophoretic runs at pH 7·0 and 8·6 (not reproduced here) SAEKB gave a resolution into components superior to that obtained with any other derivative.
(ii) Effect of pH on the ResolutilYn of S-Carboxymethyl Kerateines.-Solutions of SCMKB were run electrophoretically at pH 4· 5, 7, 8· 6, and II (Figs. 2 and 3) , the best resolution beiug obtained at pH 4·5. At lOG the proteiu was insufficient-iy soluble between pH 4·5 and the isoelectric point for satisfactory experiments to be made; however, in one experiment at pH 3·5 in which 2M urea was used to solubilize the protein there was no improvement in resolution. At least five peaks were'obseryed at pH 4·5 of which two contaiued the major portion of the proteiu. Although only certain components were soluble below the isoelectric point, fractions containing these were well resolved when run in o· 05M phosphoric acid.
In both phosphate and imidazole buffers near neutrality, an interaction took place which resulted in hypersharp ascending and spread out descending boundaries, and the appearance of the patterns obtained in phosphoric acid suggested that an interaction also occurred in this system. .
-(iii) Variations in Electrophoresis
Oonditions at pH 4·5.-The resolution at 0·5% protein concentration was better than that obtained at a 2% concentration (Fig. 4) . Decreasing the ionic strength from 0·1 to 0 ·02 led to an increase in resolution in the slower major peak in the ascending boundary with apparent splitting into three components, although this resolution was not evident in the other boundary (Fig. 5 ). 
pH 10.25 pH 9'5 ,., ,., ,.. [ NaCI. 50mg protein was applied to a 2 by 8 em column and eluted with a total volume of 200 mI, fractions of 3·0 ml being collected.
(c) Heterogeneity of Olwrge Manifested by Ohromatography
SCMKB was chromatographed at a number of pH values between 3·5 and 10·25 on DEAE-celluJose with a linear gradient ofO--I·OM NaC!. The results obtained are shown in Figure 6 . Two main components were clearly resolved with best resolution being obtained at pH 4·5. This was confirmed by separating protein material from both peaks at both pH 7·5 and 4·5 and examining the separated fractions electrophoretically. As might be expected the lowest mobility proteins eluted first and the fastest moving components last, but the best separation between the slowmoving and fast-moving components was obtained with a chromatographic separation at pH 4·5. Further resolution was achieved at this pH by eluting with a narrower concentration range of sodium chloride, from 0 to 0 . 65M, and by increasing the volume of eluting fluid (Fig. 7) . When SAEKB was chromatographed on OM-cellulose, a number of peaks were also observed (Fig. 8) , the resolution of the lower-charged components being somewhat better than that observed with SCMKB on DEAEcellulose.
(d) Heterogeneity of Sulphur Oontent
A preparative scale chromatography of SCMKB on DEAE-cellulose was used to prepare fractions corresponding to the peaks on the chromatography pattern. The elution curve in Figure 7 shows the location of fractions collected and the sulphur content of each. The values, on an ash-free, moisture-free basis, range from 4·3 to6·7%S.
Ie) Heterogeneity of Amino Acid Oomposition
Ultimately, the limits in amino acid composition of the many high-sulphur components can be established accurately only by the analysis of each in a purified form, but the analytical results presented below for impure fractions, in conjunction with the analyses for SCMKBI and SCMKB2, give an indication of where these limits lie. Fractions for analysis, enriched in the various electrophoretic components, were separated by batch stepwise elution from DEAE-cellulose. 1 g of the minor components (Section II(c.)) in 100 ml of 0 ·05 ionic strength acetate buffer of pH 4·5 was absorbed on to 2 g of DEAE-cellulose. Approximately 6% of the protein was not absorbed and this was labelled "0". Protein was then recovered by stepwise elution with sodium chloride, using at each concentration
,.,
-" first 150 ml of eluting buffer and then 50 m!. The resin was stirred at room temperature with each buffer for 30 min and then filtered on a Buchner funnel under vacuum.
The two eluates at each concentration were pooled, dialysed, and freeze-dried. The concentration of NaCI, the quantity of protein eluted, and the electrophoretic pattern of the eluted protein are shown in Figure 9 . Fraction 1 contained two main electrophoretic peaks, and these were separated from each other by precipitation at O'C with 0 ·15M NaCl in 0 '05M phosphoric acid, IB being precipitated, lA being soluble. The electrophoretic patterns of these two fractions show that a separation had taken place.
Four fractions (0, lA, IB, and 4) were hydrolysed and their content of amino acids measured. The values obtained together with comparable analyses for SOMKBI (Gillespie 1962c ) and for SOMKB2 (Gillespie 1963 ) are given in Table 2 . It can be seen that the component of lowest electrophoretic mobility has also the lowest content of SOMO and that SCMI(BI with the highest mobility also has the most SOMO. Table 2 .
If the electrophoretic mobility of a fraction at pH4'5 (0·1 ionic strength acetate buffer, 1 % protein concentration) is plotted against the SOMO content of that fraction, a straight line is obtained (Fig. 10 ). In the case of Merino wool, therefore, electrophoretic heterogeneity is a manifestation of heterogeneity of sulphur content. On the basis of its amino acid analysis, chromatographically prepared fraction 4 appears :j: S-Carhoxymethyl cysteine. SCMKBI  0·72  1·35  9·33  15·84  0·58  8·22  10·40  7·46  9·35  4·82  2·30  0·13  3·19  2·08  1·39  1·58  0·57  17·67  17·80 -6'7 X 10-5 '" ..., '" ' "' ~ ~ ~ to contain mostly SCMKB2 although the electrophoretic mobilities are not the same (-6·5 as against -6·1 Xl0-s cm" volt-1 sec-1 ). This may be additional evidence that SCMKB2 is modified during its fractionation in dilute phosphoric acid (Gillespie 1963) .
Although there is considerable heterogeneity in general amino acid composition, each fraction fits into a common pattern of containing relatively large amounts of serine, threonine, and proline but only small amounts of aspartic acid, lysine, and histidine. As none of these fractions before hydrolysis contained -S-8-as determined by the method of Leach (1960) , the variable amounts of cystine observed in the amino acid analyses are thought to have originated from the hydrolytic destruction ofSCMC. Proline makes up between 10 and 12 % of the amino acid residues, and therefore no helix development would be expected if this residue were statistically distributed (Szent·Gyorgi and Cohen 1953; Winkler and Doty 1961) . It is not surprising that all the high.sulphur protein components have a b o of zero and therefore no significant amount of ",-helix structure (see Gillespie and Harrap 1963) .
(f) Heterogeneity as Manifested by Solubility Differences
(i) Solubility Differences in Dilute Phosphoric Acid.-Electrophoresis of high· sulphur proteins in dilute phosphoric acid (Fig. 3(d) ) gave a resolution superior to that obtained at pH 4·5, even though only some of the protein components were soluble in this solvent. This result indicated the existence of large differences in charge between the components in this solvent which might also be manifested by differences in solubility.
.
The solubility relations of the minor components were therefore studied in 0·05" orthophosphoric acid at O°C. The changes in solubility as sodium chloride was added to the system are plotted in Figure 11 . Part of the protein was insoluble in the solvent alone and its precipitation is represented by the vertical component of the curve at zero salt concentration. As the sodium chloride concentration increased, other proteins precipitated and the curve shows several well~marked points ofinfiection. In order to separate these fractions, 2 g of the minor components was dissolved in 400 ml of distilled water at O°C and 400 ml of 0 ,1" orthophosphoric acid at O°C was added slowly through a fine jet below the surface. The system was stirred vigorously for 3 hr at O°C and the insoluble protein collected by centrifugation at 13,000 g (fraction I). To the supernatant was added O· OS" NaCI and after 3 hr at O°C the precipitate (fraction II) was collected; finally the NaCI concentration was raised to 0·22" to give a precipitate (fraction III) and a supernatant (fraction IV). Mer each addition of NaCI the system was allowed to equilibrate for 3 hr at O'C and the precipitate obtained by centrifugation at O°C. Each precipitate was dissolved in 100 ml 1 % sodium bicarbonate solution, dialysed, and freeze-dried. The protein in fraction IV was recovered as a precipitate by titrating the solution to pH 3. This precipitate was dissolved in 100 ml 1 % sodium bicarbonate solution, dialysed, and freeze-dried. The electrophoretic pattern of each fraction at pH 4· 5, is shown alongside the appropriate section on the solubility curve of Figure 11 . It can be seen that the major electrophoretic components have been separated to some extent from each other.
The fastest moving electrophoretic component, concentrated in fraction I, is partially purified SCMKB2. This preparative method has recently been used to prepare this protein in quantity (Gillespie 1963) .
(ii) Variations in Solubility near the Isoelectric Point.-The unfractionated high.sulphur proteins have a solubility minimum at pH 2·9 in O· 2M Na + concentration buffers, which shifts to pH 3·1 as the Na+ concentration decreases to 0 ·06M ( Fig. 12(a) ). Figure 12(b) shows curves relating solubility to pH in 0 '06M Na+
,. concentration buffers for three of the fractions (II, III, and IV) prepared as in the preceding section. The pH of the minima is almost the same for the three curves but the three fractions differ markedly in solubility at the minima and at pH values below it. These solubilities are in decreasing order of sulphur contents of the fractions. SCMKB2 (i.e. fraction I) is almost completely insoluble between pH 2·3 and 3·3 (Gillespie 1963) , whilst SCMKBI has a sharp solubility minimum at pH 2· 8 but rapidly becomes more soluble on either side of this pH (Gillespie 1962b) .
(iii) Solubility Differences in Concentrated Ammonium Sulphate.-The relation between solubility of SCMKB and ammonium sulphate concentration at pH 6 and the electrophoretic patterns of isolated fractions are shown in Figure 13 . No points of inflection, indicative of fractional precipitation of components, were observed. But the isolated fractions vary in ease of precipitation with ammonium sulphate concentration at pH 6: the more sulphur the fraction contained, the more ammonium sulphate was required to precipitate it. However, there is generB,lly sufficient overlap between the solubilities of the various components to make a sharp separation impossible, except in the separation of SCMKBI from the minor components (Gillespie 1962b) .
(g) Heterogeneity oj Size
Under all conditions of ultracentrifugation, only one peak was obtained with SCMKB. However, measurements of the sedimentation coefficients and in some cases the molecular weights of fractions have revealed heterogeneity of size. As has already been reported, SCMKBI has an S~o, w of 1· 65 S and a molecular weight about 27,000 (Gillespie 1962b; Harrap 1962 ) and SCMKB2 anSg o . w of 1·55 S and a '3' molecular weight about 22,000 (Gillespie and Harrap 1963) . The other fractions have not been purified to a state justifying the measurement of molecular weights, but sedimentation coefficient measurements have been made on them. As all the high·sulphur proteins have a b o of zero, and are therefore probably in the random· coil configuration, variations in sedimentation coefficients within the group provide valid estimates of molecular weight variations. The sedimentation coefficients and SOMO contents of three fractions are shown in Table 3 together with similar information for SCMKBI and SOMKB2. The conclusion can bc drawn, subject to the assumption made above, that the lower the sulphur content of these proteins the lower their molecular size.
IV. D,SCUSSION
The high~sulphur proteins from Merino wool form an extremely heterogeneous group, eight components being recognized by electrophoresis, but there may be many more. These components differ not only in charge, due mainly to differences in suI· phur content which give rise to differences in content of -SCH 2 COO-residues, but also in size and general amino acid composition. There is, however, a general resemblance between them which serves to ilistinguish them from the low-sulphur proteins. t Fractions prepared as described in Section III(f)(i). t Fraction prepared as described in Section III(e).
A number of apparent correlations between amino acids have been observed, the significance of which is unknown. For example, although the ratio of glutamic acid to aspartic acid is extremely variable, the limits ranging from 13 : 1 to 1 : 1, the sum of these two amino acids is remarkably constant. Also the sum of valine, leucine, and SOMO is fairly constant, so that as the SOMO content increases the other two amino acids decrease in amount. The analyses of fractions 0, lA and IB (cf. Section III(e)), but not the others, show an inverse relation between SOMO and serine, the totals of these two amino acids being approximately constant.
At present it is thought that the high-sulphur proteins occur in both the ortho and para segments as the matrix between both the microfibrils and protofibrils (Birbeck and Mercer 1957; Rogers 1959; Filshie and Rogers 1961) . It is possible that some of the heterogeneity found in these matrix proteins after extraction results from a differing composition in the four matrix regions of the Merino fibre. The matrix is thought to act as a cement with plastic rather than elastic properties (Crewther and Dowling 1960) . Three of the properties of the high-sulphur proteins namely, small size, heterogeneity, and preponderance of amino acids which do not favour helix formation, may have some relevance to this function within the fibre. These molecular properties would favour the formation of an amorphous material which cannot form a highly ordered structure.
It has been known for some time that there is little or no evidence for the presence of the matrix until a late stage in fibre formation, when the zone of kera~ tinization is reached. Rogers (1959) , in discussing this information, set down three theories which might account for the synthesis of this material. With the information now available on the molecular properties of the high-sulphur proteins, it is possible to examine again the first and second of these three proposals, although with no finality. These proposals can be summarized as follows:
(1) The synthesis at a low level in the fibre of a cystine-deficient protein (not differentiated by staining), which is later enriched with sulphur by reaction of its serine side~chains with free methionine.
(2) Derivation of the matrix from the microfibrils by disorgaulzation of their peripheral side-chains, which could be enriched with sulphur by the reaction referred to above.
If proposal (1) holds then it might be expected that serine and SCMC would have an inverse relation in the mature high-sulphur proteins and that sulphur-poorserine-rich precursor proteins would be found amongst the wool root proteins. As yet there is no evidence for either expectation (Table 1 and Rogers, unpublished data).
However, the isolation by Alexander and Smith (1956) of dialysable sulphurrich peptides (7· 6% S) from y-keratose, containing much more sulphur than the non-dialysable fragments (4 '5% S), implies that in the high-sulphur protein molecules there must be regions oflow and regions of high density of cysteinyl residues. Further evidence on this point is derived from the conclusion reached in Section III (g) that the lower the sulphur content of a high-sulphur protein the lower its molecular weight. This may be evidence that the high-sulphur proteins are synthesized by the addition to a low-molecular weight low-sulphur precursor of sulphur-rich peptides. The precursor presumably would be synthesized in the cell and should be amongst the urea-extractable wool root proteins. However, Mercer (1961) recently suggested that the matrix protein was an "entirely new protein" produced in the keratinization zone and De Bersques and Rothman (1962) could find no evidence for cystine incorporation into a pre-existing protein; so, the relation between molecular size and sulphur content may not be relevant to the problem of the synthesis of these proteins.
The molecular weight differences between high-and low sulphur-proteins (20,000-30,000 and 60,000-70,000) respectively (Gillespie 1962b; Harrap 1962; Gillespie and Harrap 1963; Harrap and Woods, unpublished data) and more particularly the marked differences between them in amino acid composition (Corfield, Robson, and Skinner 1958) , make it difficult to see how modification of the finished microfibrillar low-sulphur protein, as suggested in the second proposal, could yield high-sulphur proteins, unless these modifications also involved extensive chain breakage and reformation. It might well be, however, that the microfibrillar proteins developed first during fibre formation may be altered later and hence differ in composition and structure from the finished materials.
It is evident that the minor components of the high-sulphur protein under disoussion do not differ greatly from one another in charge at pH values above the isoelectric point. As a result, at these pH values only partial resolution of these components can be effected by such methods as electrophoresis, chromatography, and selective precipitation. There is a substantial improvement in resolution when these techniques are applied at pH values below the isoelectric point but it will still be a formidable task to isolate any pure fractions.
Salting-out of the minor components from dilute phosphoric acid was found to give a useful preliminary separation (Gillespie 1963 ) but it was not understood at that time why the fractions richest in -SCH 2 COOH residues were the easiest to salt-out. The relationship is probably a matter of molecular size rather than of charge beoause the oarboxyl groups are almost certainly unionized at these low pH values. Furthermore, the components richest in sulphur are also the largest and presumably also the easiest to precipitate when the -SCH2COOH groups are unionized. This effect might be enhanced, particularly with the components riohest in -SCH 2 COOH groups, by carboxyl-carboxyl interactions leading to aggregation and lowered solubility. 
